Objectives: Due to the complex breast innervation, postoperative analgesia after breast surgery is a challenge for the anesthesiologists. The erector spinae plane block (ESPB) is a newly defined promising technique for this purpose. The main purpose of this study was to evaluate the analgesic efficacy of the ultrasound-guided ESPB in breast surgery, monitoring its effect on the postoperative opioid consumption. Methods: Fifty female patients, who were scheduled to undergo elective breast surgery, with the American Society of Anesthesiology physical score I-II, and aged between 25 and 70 years, were included into the study. Patients were randomized into two groups, as the ESPB and the control group. All patients in the ESPB group received a bi-level (T2-T4) ultrasound-guided ESPB with 20 ml 0.25 % bupivacaine (10 ml for each level) preoperatively. An intravenous patient-controlled analgesia device for the postoperative analgesia was given to all patients. The numeric rating scale (NRS) scores for pain and postoperative morphine consumptions were recorded at the 1 st , 6 th , 12 th , and 24 th hour postoperatively. Results: Postoperative morphine consumption was significantly lower in the ESPB group compared to the control group at the postoperative 6 th , 12 th , and 24 th hour (p<0.001 for each time interval). The morphine consumption at the 24-hour was reduced by 75%. There was no significant difference in the NRS scores (median NRS values were 2, 1, 0, 0, and 2, 2, 1, 1, respectively). Conclusion: Our study has shown that a significant opioid-sparing analgesic effect in patients undergoing breast surgery could be achieved with a US-guided bi-level ESP block.
Introduction
Breast cancer is the most common cancer type and also the second most cause of cancer dependent deaths in women. [1] Therefore breast surgeries are one of the most common surgeries performed in daily practice. [2] Depending on dissections of both thoracic and axillary region, postoperative pain constitutes a major problem for anesthetists. Complex innervation of the breast makes management of postoperative pain even more complicated. Type of surgery is important to understand the neural origin of pain. While postoperative pain after lumpectomy surgery derives mainly from intercostal nerves and supraclavicular nerve, origin of pain after modified radical mastectomy (MRM) involves also brachial plexus. [3] Many regional techniques, like paravertebral block (PVB), pectoral nerves block (PECs), serratus plane block (SPB) were described in the literature for maintaining postoperative analgesia. [3] Among all these regional anesthesia techniques PVB is the most studied and found to be effective regional technique for this purpose. [3] Due to its anatomic proximity to pleura and central neuroaxial system, it's also one of the most challenging techniques.
In 2016 Forero et al. [4] described erector spinae plane block (ESPB) for thoracic analgesia. Since than many different uses of this technique have been reported. [5] [6] [7] [8] [9] [10] There were only a few case reports in the literature about ESPB use in breast surgeries. [11, 12] Recently study of Gürkan et al. [13] has shown that, with a single level injection of ESPB, postoperative morphine consumption after breast surgeries had significantly decreased compared to control group. Our hypothesis was that, it would be better to do this block at two levels to achieve a better spread of local anesthetics to cover up the whole surgical area (including axillary zone). We aimed to evaluate the analgesic effect of US guided bi-level ESPB for breast cancer surgery, regarding to morphine consumption at postoperative 24 hours. Secondary aims of the study were to compare the incidence of opioid-related side effects, postoperative nausea and vomiting (PONV) and pain scores.
Materials and Methods
This study was done after obtaining local Ethic Committee's permission (KIA 2017-377). Patients' written informed consents were obtained. The study was registered prior to patient enrollment with clinicaltrials.gov (NCT03415646) on January 2018.
Fifty female patients who were to go elective breast cancer surgery were included into the study. Patients were aged between 25 and 70 years with American Society of Anesthesiology (ASA) physical score I-II. Patients with known allergies to any of the study drugs, infection of the skin at the site of needle puncture area; coagulopathy, obesity (body mass index >35 kg/m 2 ) and chronic use of opioids were excluded from the study.
Sequentially numbered opaque sealed envelope technique was used for randomization and patients were randomized to one of the two groups as ESPB group and Control group. [14] All patients in ESPB group received bi-level ESPB and patients in Control group received no intervention. Midazolam 0.03 mg kg-1 iv was used for premedication of patients upon arrival to the preoperative holding area.
ESPB Technique
Blocks were performed approximately 20 min before induction of general anesthesia in the preoperative holding area. Blocks were performed unilaterally in the prone position with technique described by Chin et al. [15] 10 % povidone iodine was used for skin preparation. Same two anesthesiologists (YG, CA) were performed all the blocks. These two anesthesiologists were also blinded to the rest of the study (data collection, intraoperative management etc.). Blocks were performed with large bandwidth, multifrequency convex probe (1-8 MHz) of Esaote My Lab 6 US machine (Florence, Italy) with a 22G, 50 mm, insulated facet type needle (BBraun Sonoplex, Melsungen, Germany). Using an in-plane approach, blocks were done at T2 and T4 levels of spine.
With a sagittal approach, probe was placed 2-3 cm lateral to the midline. After identifying the transverse processes and erector spinae muscle, the needle was inserted with a cranial to caudal direction to the deep of the erector spinae muscle (Fig. 1 ). The correct position of the needle tip was confirmed with the administration of 0.5-1 ml of local anesthetic (LA) and than 10 ml of 0.25% bupivacaine was administered. Same procedure was repeated for the second level of the block performance. Both cranial and caudal LA spread was observed.
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General Anesthesia
Perioperative anesthesia management was done according to departmental guidelines. Propofol (2-3 mg/kg) and fentanyl (2 mg/kg) iv were used for general anesthesia induction. Rocuronium 0.6 mg/kg was administered iv for tracheal intubation. Combination of desflurane with nitrous oxide in oxygen (2:1) in 3 L of fresh gas flow was used for anesthesia maintenance. At the end of the surgery paracetamol 1 g and tramadol 100 mg iv were administered for providing postoperative analgesia and also Ondansetron 8 mg was given for the prevention of postoperative nausea and vomiting.
Numeric rating scale (NRS) ranging from 0 (no pain) to 10 (worst imaginable pain) was used for postoperative pain assessments. A patient controlled analgesia device (PCA) containing morphine 0.5 mg/ml, which was set to deliver 1 mg bolus dose morphine, with 8 min lockout time and 6 mg 1 h limit was given to all patients upon arrival to the recovery room.
A pain nurse, who was blinded to the study, recorded NRS scores at postoperative 1, 6, 12 and 24 h. Same nurse also recorded total morphine consumptions during the 24 h postoperative period and the incidence of PONV.
Statistical Analysis
Sample size analyze was done according to a preliminary study in our clinic which has shown that the mean (±SD) morphine consumption in the postoperative 24h was 16.6±6.92. The sample size necessary to detect a 30% difference in postoperative morphine requirement with 80% power and an error of 0.05 was found as 20 subjects per group. For securing patient dropouts 25 patients were included in each group.
IBM SPSS for Windows® version 20.0 (SPSS, Chicago, IL, USA) was used for all statistical analyses. For the normality of data distribution Kolmogorov-Smirnov tests were used. Categorical variables were expressed as counts (percentages) and continuous variables were expressed as mean±standard deviation, median (25 th -75 th percentiles). Between group analyses, Student's t test was used for comparisons of normally distributed continuous variables and Mann Whitney U Test was used for non-normally distributed continuous variables. Monte Carlo Chi Square tests, Yates' Chi Square test and Fisher's Exact Chi Square test were used for the comparisons of categorical variables. A two-sided P value <0.05 was considered statistically significant.
Results
A total of 50 patients were enrolled in the study (Fig.  2) . Demographical data, durations and types of surgeries were similar in two groups ( Table 1 ). There were seven patients in ESPB group who experienced postoperative nausea and 6 of them also had vomiting. Nausea was seen in 6 patients in Control group and 4 of them had also vomiting. There was no significant difference for PONV. No complications were observed during the study period.
Discussion
Our study has clearly shown that two levels ESPB has significantly decreased the morphine consumption in postoperative 6 th , 12 th and 24 th hours. Decrease in total morphine consumption at postoperative 24 hours was 75% compared to Control group.
There were many studies in the literature about maintaining postoperative analgesia with regional anesthesia techniques after breast surgeries. Frequency of this surgery and challenging sensory innervation of the breast makes this quest stand still fresh. Although PVB has been commonly accepted as the most effective regional technique for this indication, clinicians are in the search of a safer and easier alternative. Pectoral nerve blocks (PECs I and PECs II) were introduced in clinic for this purpose. [16, 17] Afterwards; serratus plane block was also described by Blanco et al. [18] with the goal of providing extended intercostal nerve coverage.
ESPB was first defined as an analgesic technique for thoracic neuropathic pain by Forero et al. [4] In that manuscript, the authors also studied the spread of dye in two fresh cadavers and reported that the spread of the dye reached both to ventral and dorsal rami of spinal nerves, which could cause a sensory blockade over the anterolateral thorax. Adhikary et al. [19] showed that LA spread after ESPB could be as 2 to 5 level epidural and 5 to 9 level intercostal. This could explain the mechanism of this block but further studies with larger samples are needed to verify these findings.
There were many studies with controversial results in the literature about the effect of both single or multilevel paravertebral blocks on postoperative pain 
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after breast surgeries. [20] [21] [22] [23] While some studies [21, 22] claim no difference in opioid consumption; some others [20, 23] claim superior analgesia with less opioid consumption with paravertebral block. In contrast with paravertebral block, as ESPB is a newly defined regional technique, there were only one randomized controlled study and a few case reports about its use in breast surgeries. [8, 9, 13, 24] Two reports were [8, 9] single shot ESPB, while one of them [24] was a single shot block with a continuous LA infusion via catheter. All these reports found ESPB as an effective analgesia method. Study of Gürkan et al. [13] reported that a single shot ESPB with 20 ml of LA at T4 level could decrease morphine consumption. It was shown that mean morphine consumption at postoperative 24 hour was 5.76 mg while it was 16.6 mg in control group. A 65% decrease was found as both statistically and clinically significant. In our current study where bi-level injections were performed morphine consumptions were found 3.02±2.06 and 13.2±4.98 respectively. Bi-level injection decreased opioid consumption up to 75% in 24 hours. Our results correlated with our hypothesis and showed that bi-level ESP block can further decrease opioid requirements.
Even though the morphine consumption was decreased in the ESPB group compared to control group, it was not enough to provide significant difference on PONV. As it was described in the analysis of Apfel et al., [25] there were other risk factors for PONV in our study, which could be the possible explanation of this situation, like female gender and duration of anesthesia with volatile anesthetics.
Although the research has reached its aims; there were some limitations of this study. First of all patients were not fully blinded to the study. Even the patients were under sedation while the blocks were done, the patients might know that whether they had an injection for ESPB or not. For observing and comparing the placebo effect it might be better to perform a sham block to control group. Secondly, for knowing the exact limits of the block, a sensory testing for the mapping of block area should have been performed. We think these limitations could and should be the aims of future studies.
For achieving wide spread of LA, due to complex sensory innervation of breast surgical area, we have chosen two level injection at T2 and T4 spine levels. T2 level selection, as the second level of injection point, was depending on the fact that axillar surgery area is in the territory of the lateral cutaneous branch of T2. [3] Even we found a significant difference in morphine consumptions, the spread of LA should be studied to know the limits of local anesthetic distribution.
Conclusions
This study has shown that ultrasound guided bi-level ESPB is effective for providing postoperative analgesia after breast cancer surgeries and it significantly reduced opioid consumption compared to control group. This opioid sparing effect of bi-level ESPB is promising for that it is one of the main goals of enhanced recovery after surgery (ERAS) protocols. [26] We think that single level ESPB should be compared to multiple level ESPB to choose the best clinical practice for breast surgery.
